Strategy and success for the directed evolution of enzymes.
Directed evolution is widely used to improve enzymes, particularly for industrial biocatalytic processes. Molecular biology advances present many new strategies for directed evolution. Commonly used techniques have led to many successful examples of enzyme improvement, yet there is still a need to improve both the efficiency and capability of directed evolution. Recent strategies aimed at making directed evolution faster and more efficient take better advantage of available structural and sequence information. The underlying principles that lead to early dead-ends for directed evolution experiments are also discussed along with recent strategies designed to by-pass them. Several emerging methods for creating novel enzymes are also discussed including examples of catalytic activity for which there is no precedent in nature. Finally, the combined use of several strategies is likely to be required in practice to improve multiple target properties of an enzyme, as successfully shown by a recent industrial example.